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knockdown seems to impair cell growth and alters cell cycle distri-
bution. An experimental set up, using a RT-PCR based cell cycle
pathway array showed a reproducible up regulation of LOC688900
in rMSC, which encodes Schlafen-1, a protein known as an inducer
of cell cycle arrest in T-lymphocytes and murine ﬁbroblasts.
Conclusions: Based on these knockdown studies we hold a
promising tool for further in vitro analyses and differentiation stud-
ies in MSC. According to the present data, we conclude an involve-
ment of Sox9 in cell cycle progression and thus cell proliferation,
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Purpose: During the early stages of osteoarthritis (OA), growth
factors with high afﬁnity for both cartilage and bone extracellular
matrix are released and become involved in the repair of lesions.
Recently, bone morphogenetic protein 2 (BMP-2), a growth factor
with heparan sulfate (HS) binding capability, demonstrated an-
abolic cartilage activity when locally administered in the joint space
of OA animal models. Because clearance of small compounds
from the synovial ﬂuid into the lymphatic system is efﬁcient, the
residence time of highly diffusible, unbound cartilage-stimulating
factors such as BMP-2 is extremely limited, and the release of
these factors often is unable to counteract the damaging effects
of proteinases and inﬂammatory cytokines. For this reason, our
goal is to develop a novel delivery system for slow release of
chondrogenic factors to induce local repair of damaged articular
cartilage surfaces and slow the progression of OA.
Methods: The repair potential of perlecan-based bioactive com-
plexes was tested using an in vitro stem cell differentiation system
and an in vivo intra-articular injection method in mice displaying
early signs of knee OA (papain-induced OA model).
Results: We show that a HS-bearing fragment of perlecan cou-
pled to hyaluronan (HA) microparticles prolongs delivery of BMP-2
and supports chondrocyte differentiation in vitro. In addition, pre-
liminary results indicate that proteoglycan depletion is attenuated
when BMP2 is administered in combination with these HS per-
lecan fragment-HA biomatrices.
Conclusions: Perlecan-based growth factor delivering systems
are efﬁcient at inducing chondrogenic differentiation in vitro and
constitute potential novel therapeutic tools for inducing cartilage
self-repair mechanisms in vivo. Ultimately, this new therapeu-
tic strategy is expected to beneﬁt patients by locally inducing
self-regeneration of damaged articular surfaces and preventing
development of irreversible OA symptoms.
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Purpose: Articular cartilage damage has a very low spontaneous
healing capacity. A cell-based therapy with an appropriate source
would offer the opportunity to promote articular cartilage repair.
Stem cells are characterized by their multipotentiality and capacity
for self-renewal and may represent units of active regeneration for
tissues damaged as a result of trauma or disease. Synovium can
be easily harvested. Many attempts have been made to develop a
cell-surface antigen proﬁle for the better puriﬁcation and identiﬁca-
tion of MSCs. However, the identiﬁcation of MSC subpopulations
in culture has been hampered by the lack of appropriate mark-
ers. Thus there is a clear need to develop strategies leading to
the identiﬁcation of potential MSC (sub)population markers. The
objective of this study was to characterize the mixed synovial cell
population (MSCP) and puriﬁed type-B synovial ﬁbroblasts (SFB)
derived from pig synovium by using various known cell-surface
markers and evaluate their chondrogenic differentiation potentials
using a chondrogenic media containing growth factor TGF-β1.
Methods: Cells were isolated from synovium of porcine knee
joints. SF-Bs were negatively isolated by magnetic bead separation
using Dynal CD14.
Flow cytometry analysis was performed with MSCP or SFB
cells. Direct conjugated Ab used for ﬂow cytometry included
anti-CD44-ﬂuorescein isothhiocyanate (FITC), CD90-FITC, CD45-
FITC, CD34-FITC, CD11b-phycoerythrin (PE). Unconjungated Ab
is anti-CD14 and appropriate secondary Ab. Analysis was per-
formed with FlowJo software. 0.5×106 cells were centrifuged at
1000 rpm for 10 minutes. With the supplement of TGF-β1, pellets
were cultured in deﬁned differentiation medium, at 37°C; 5% CO2.
Pellets were harvested for biochemical and histological analyses,
and digested (2 hr at 60°C) in 300 μl papain (125 μg/ml papain, 5
mM cysteine). DNA content was measured via ﬂuorometric assay
using Hoechst 3325. GAG concentration was measured by the
dimethyl-methylene blue dye assay.
Pellets were ﬁxed in 1:1 methanol:acetone solution at 4°C, em-
bedded in parafﬁn, sectioned at 5 μm, and stained with Weigert’s
hemotoxylin and Safranin-O/Fast Green for sulfated GAGs and
immunostained for type II collagen.
Relative mRNA levels of collagenI, II and Aggrecan were deter-
mined by qPCR.
Statistics were performed using one-way ANOVA for at least n=4
where p<0.05 was considered signiﬁcant.
Results: To characterize the mixed synovial cell population and
puriﬁed type-B synovial ﬁbroblasts ﬂow cytometry was performed.
The positive markers in MSCP were CD14, CD44, CD90, cadherin-
11. After puriﬁcation, the macrophage marker CD14 disappeared
Figure 1. Surface molecule proﬁle of the mixed synovial cell population (MSCP)
and puriﬁed type-B synovial ﬁbroblasts (SFB) using ﬂow cytometry.
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and mesenchymal stem cell markers (CD44 (Hermes antigen,
hyaluronan receptor), CD90 (Thy-1), cadherin-11 showed in-
creased expression levels. Both mixed and puriﬁed synovial cells
were negative for markers of haematopoeetic progenitors (CD34)
and further developmental stages of blood cells (CD11b, CD45)
(Fig. 1).
The chondrogenic differentiation and proliferative potential of
MSCP and SFB cells were compared using biochemical and
histological analyses (Fig. 2).
Figure 2. Comparison of the proliferative and chondrogenic potential of mixed
synovial cell population (MSCP) with the puriﬁed type-B synovial ﬁbroblasts
(SFB) cultivated for 7 days with 20 ng/ml TGF-β1. (a) DNA and (b) GAG per
pellet, (c) histological cross-sections of MSCP-pellets and SFB-pellets depicting
staining for GAG (Safranin-O/Fast Green) and type II collagen (immunohisto-
chemistry) – Scale bars are 200 μm. (d) Relative mRNA expression of aggre-
can, type II collagen, and type I collagen genes in the SFB-pellets with respect to
those in the MSCP-pellets. Data presented as mean ± SD, *p<0.05, **p<0.01,
n=3.
Conclusions: We have demonstrated the cells from mammalian
synovium contain a mesenchymal stem cell population capable of
chondrogenic differentiation and that the CD14-negative isolation
yields an enhanced cell population (SFB) that is more potent than
MSCP as a cell source for cartilage tissue engineering.
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Purpose: Cartilage injuries are a common clinical problem and as
this tissue possesses limited self-renewal potential, any damage to
this tissue, such as those arising from sports injuries, osteoarthritis
and rheumatoid arthritis will eventually result in loss of cartilage
with possible exposure of the subchondral bone and resultant pain
and immobility.
The World Health Organisation (WHO) has shown that the burden
to society of these disorders is not only signiﬁcant in terms
of absolute disability-adjusted-life years (DALYs) but that it is
seen (and is growing) in both the developed and developing
world. Strategies for the assisted repair of skeletal tissues are
urgently required to alleviate the high morbidity associated with
joint disorders.
Current therapies are restricted by shortage of grafting material,
insufﬁcient biocompatibility of the implanted material and absence
of cells with reparative potential. The unique biological properties
of human embryonic stem cells (hESCs) highlight them as ideal
candidate cell sources for such therapies by virtue of their directed
differentiation potential and their ability to undertake large scale
proliferation for bulking up prior to use.
The aim of this study was to produce hESC-derived chondropro-
genitor cells and to investigate their potential to repair an articular
cartilage defect in the rat knee.
Methods: Cells from a registered hESC line were expanded in
feeder free conditions using established techniques. Embryoid
body-derived cells were cultured using an in-house deﬁned me-
dia system capable of inducting chondrogenic differentiation to
form 3D cell constructs. Markers of chondrogenic differentiation
were monitored in constructs prior to use experimentally. Pre-
labeling with the ﬂuorescent cellular probe CM-Dil (20μM; Molec-
ular Probes™) allowed tracking of implanted human cells in the
rat defect. Defects were created surgically on the femoropatellar
groove of the knee joint of rats and the constructs were implanted.
Empty defects served as controls.
Samples were collected 21 days post-implantation and snap
frozen. Fixed cryosections were assessed both morphologically
and histologically for repair and to track the persistence of im-
planted human cells. A subset of constructs were collected at
the time of implantation to enable characterisation of implanted
material.
Results: HESC-derived constructs exhibited a chondrogenic phe-
notype at the time of implantation as shown by IHC and gene
expression of articular cartilage speciﬁc Collagen II. Following 21
days implantation, the regenerate tissue not only showed good
integration with the host tissue but also a hyaline cartilage-like
morphology and excellent values when scored using a modiﬁed
system based on scoring systems devised by Wakitani and Ho-
raf for markers of healthy cartilage. In comparison, empty defects
showed poor repair with a ﬁbrocartilaginous tissue ﬁlling the defect
area. The presence of CM-Dil labeled cells within the defect area
demonstrated the persistence of donor cells.
Conclusions: This study points to the future use of hESC-derived
chondrogenic cells in the treatment of cartilage defects in man.
The ultimate aim of our work is to address the huge disease burden
associated with osteoarthritis and future studies will focus on ways
to support the chondrogenic cells in the harsh OA environment.
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Purpose: Articular cartilage shows poor intrinsic repair, leading
to progressive joint damage. Therapies like marrow stimulation or
tissue engineering depend on chondrogenesis of progenitor cells.
However, chondrogenesis needs to take place in a joint with a
distorted environment. We have shown that factors produced by
osteoarthritic (OA) synovium inhibit chondrogenesis of progenitor
cells. To elucidate which pathways are responsible for this inhibition
microarray analysis was performed on chondrogenic progenitor
cells treated with OA synovium- derived conditioned medium.
Methods: Human mesenchymal stem cells (hMSC) were chon-
drogenically differentiated. Cells were pelleted in serum free chon-
